Background Self-reported work-related ill-health (WRI) statistics suggest that agricultural workers in the UK are at an increased risk of musculoskeletal disorders (MSD), skin and respiratory disease. However, there is little comprehensive medically reported information on WRI in the UK agricultural sector.
Introduction
Self-reported data (2004-07) from the Health & Safety Executive (HSE) [1] showed that workers in skilled agricultural trades had significantly higher prevalence but not incidence of occupational illness compared to all industries. In particular, there was an increased incidence and prevalence of musculoskeletal disorders (MSD), the majority being related to back problems. Interestingly, these same data [1] show low numbers of agricultural workers reporting stress, anxiety or depression. This is contrary to speculation that occupational stressors might contribute to mental ill-health in farmers [2] and is inconsistent with high rates of suicide reported from other data sources [3] .
The 1995 UK Decennial Supplement on occupational mortality showed excess mortality in farmers compared to the general population from the following causes: farmer's lung, other and unspecified allergic pneumonitis, inguinal hernia, other hernia and infections of skin, joint and bone [4] . Furthermore, a review carried out by the HSE's health in agriculture group in 1999 [5] identified the main occupational health priorities within the agricultural sector as MSD, vibration, noise and respiratory disease. Selfcertified data on work-related ill-health (WRI) may be unreliable and subject to bias [6] , so it is important to corroborate such data with medically certified evidence. However, there is little current information on the incidence of medically certified WRI in the UK agricultural sector [7] .
Exposure to pesticides is common among agricultural workers but minor pesticide-related occupational illness may be under-reported [8] , although voluntary reports of serious adverse effects can be made to the Veterinary Medicines Directorate (Department for Environment, Food and Rural Affairs) [9] .
The Health and Occupation Reporting (THOR) network is a voluntary surveillance scheme for reporting cases of medically diagnosed occupational disease and WRI [10, 11] . Since 2005, THOR's 'observatory' function has been augmented by the Health and Occupation Reporting Network in General Practice (THOR-GP) that collects cases identified by general practitioners (GPs) with some training in occupational medicine [12] .
This study aims to compare the incidence of medically reported WRI in the agricultural sector with all other employment sectors combined using THOR data (2002-08).
Methods
THOR has been described in detail elsewhere [10, 11] . Briefly, four groups of system specialists comprising respiratory physicians (SWORD), dermatologists (EPI-DERM), rheumatologists (MOSS), psychiatrists (SOS-MI); together with specialists in communicable disease control (SIDAW), as well as specialist occupational physicians (OPRA) return reports of ill-health that has been caused or made worse by work during a reporting month. 'Core reporters' report every month, whereas 'sample reporters' return a report for a randomly assigned month each year. One scheme (SIDAW) comprises solely of core reporters. The actual case report numbers returned by sample reporters are multiplied by 12 in order to estimate the annual number of cases.
Additionally, THOR-GP [12] data from 2006-08 are included in this paper. THOR-GP is composed mainly of core reporters, who have at least completed the University of Manchester course in preparation for the Diploma in Occupational Medicine (DOccMed) of the Faculty of Occupational Medicine of the Royal College of Physicians of London, or have achieved the DOccMed qualification through training elsewhere.
A subset of THOR (2002-08) data representing agriculture and forestry was selected using UK Standard Industrial Classification (SIC) (2007) codes 01 and 02.
In order to calculate incidence rate ratios comparing groups, it was necessary to estimate the rate denominators (i.e. the population from which the case reports originated). For the clinical specialist schemes, Labour Force Survey (LFS) 2005 data [13] were used to estimate the workforce in the UK agricultural sector (Table 1) . Incidence rate ratios were directly standardized (SRRs) using the age distribution of the LFS 2005 population as weights and calculated separately for males and females. Rates were based on total 'estimated cases' (i.e. core reports 1 12 3 sample reports). Reports with missing age and/or gender datawerenotincluded.Themethodsusedtoestimatethevariance of the SRR incorporated an amendment to usual methods [15] based on the assumption of a Poisson distribution for case counts. The increased uncertainty generated by sample reporting followed by multiplication by 12 of the sample numbers was allowed for using the following equation to estimate the variance of total estimated cases:
V total estimated cases 5V core cases 1 12 2 V sample cases ;
where V core 5 variance for core cases and V sample 5 variance for actual sample cases. 95% Confidence intervals (CIs) were calculated assuming that the logarithm of the SRR has an approximate normal distribution [15] but with a 'finite population correction' to the standard error of the logarithm of the SRR to allow for the fact that the proportion of eligible physicians reporting to THOR was high. This is taken into account by multiplying the standard error by ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ð12n=NÞ p , where n/N is the proportion of eligible physicians reporting to THOR [16] . While this correction to the CIs is frequently applied to estimated rates and applying the finite population correction to rate ratios has been discussed [17] , this is the first time it has been applied to CI calculations for rate ratios using THOR data. In 2005, the proportion of eligible physicians reporting to THOR was 65% for EPIDERM, 70% for SWORD, 40% for MOSS and 10% for SOSMI. SRRs were calculated for workers aged between 16 and 65 years. Crude rate ratios were calculated separately for persons aged .65 years using the LFS denominator. This was felt to be necessary because the LFS population aged .65 years includes only the working population, whereas many reports originate from retired workers. Chi-squared tests, or Fisher's exact test where contingency tables included small numbers, were used to evaluate associations between demographic factors or occupation and diagnoses among reported (i.e. not estimated) cases. These comparisons do not use population denominators.
In THOR-GP, the number of patients, and in OPRA the number of workers, covered by the participating physicians, i.e. the denominator, is currently being established. Furthermore, the number of reports within the agriculture sector was low hence incidence rate ratios were not calculated. CIs for the estimated cases reported to OPRA were calculated as above but without the finite population correction. Associations among actual reported cases (i.e. not estimated) were investigated without the use of population denominators using Fisher's exact test. These comparisons answer questions of proportionality only.
Multicentre Research Ethics Committee approval (02/ 8/72) has been given for THOR.
Results
Between 2002 and 2008 .2000 physicians reported to THOR's clinical specialist schemes (EPIDERM, SIDAW, SWORD, MOSS and SOSMI). During this time, 28 162 actual case reports were returned; 471 were within the agricultural sector corresponding to 1.7% of actual (2.2% of estimated) cases in THOR. Few reports originated from female agricultural workers; therefore, SRRs are presented for males only. Within the GP reports from the agriculture sector, only 3% of cases were referred to clinical specialists who were potential THOR reporters.
The number of workers in the agricultural sector according to LFS estimates (2005) and the UK agricultural census (2002-05) [14] are listed in Table 1 . Agricultural workers represent a small fraction of the UK workforce (1%), are mostly male (76% cf. 54% of the LFS 2005) and skewed towards the older end of the age distribution (28% cf. 16% of the LFS 2005 aged .55 years).
Reporting by dermatologists showed significantly raised SSRs for all skin disease in male agricultural workers ( Table 2 ). The majority of the increase in SRR for skin disease was accounted for by significantly raised SRRs for work-related skin neoplasia. Most of the reports of neoplasia to THOR originated from persons aged .65 years (for all sectors 648/994, 65% and for agriculture 134/195, 69%, of actual reports in males and females). Among all agricultural workers with reported skin disease, farm labourers (Standard Occupational Classification 5 9111) were significantly more likely to be a neoplasia case (71/82) compared with other agricultural workers (125/ 208, P(x 2 ) , 0.001). Furthermore, a significantly higher proportion of female cases of skin disease were employed as farm labourers (females 37/78, 47%, versus males 45/ 211, 21%, P(x 2 ) , 0.001); 35/37 of the case reports among female labourers were neoplasia. Of the 196 actual neoplasia diagnoses, 45% were benign keratosis with the following malignant tumours: basal cell (37%), squamous cell (7%), melanoma (3%) and not specified (8%). Of the five actual cases of melanoma, two were in females aged ,65 years. The distribution of diagnoses did not differ significantly by gender. Exposure to sunlight was reported as the suspected agent in all cases.
The other frequently reported skin diagnosis within agricultural workers was contact dermatitis (CD) although the SRR for males was not significantly raised (Table 2) . Of the 80 CD reports, 43 were allergic, 27 were irritant, 9 were mixed and 1 was not specified. CD was also the most frequently reported skin disease by occupational physicians (6/7, 86%) and GPs (7/20, 35%).
Reporting by respiratory specialists did not show a significantly raised SRR for all respiratory disease in male agricultural workers (Table 2 ). However, the SRRs for asthma and, especially, allergic alveolitis were significantly raised ( Table 2 ). The SRR for pneumoconiosis, mesothelioma and non-malignant pleural disease combined was significantly reduced in males (Table 2 ). In 12/13 (92%) of actual cases, asbestos was the suspected agent. There were no reports of lung cancer in agricultural workers.
Reporting by rheumatologists showed significantly raised SRRs for MSD in males within the agricultural sector (Table 2) .
Reporting by psychiatrists showed low SRR for mental ill-health in male agricultural workers but this was not statistically significant (Table 2 ). Both GPs and occupational physicians reported significantly less cases of mental illhealth in agricultural workers compared with all other sectors combined ( Table 3) . The most frequently reported causal agents for CD, asthma and allergic alveolitis are listed in Table 4 . The most frequently reported anatomical sites and precipitating tasks for MSD are listed in Table 5 .
The rate ratio for diseases reported by infectious disease specialists was low but this could not be standardized as age and gender data are not routinely reported in this scheme (Table 2) . However, if infectious diseases defined by the HSE as related to agriculture are considered (anthrax, bovine tuberculosis, brucellosis, Hantavirus, hydatid, leptospirosis, Lyme disease, Newcastle disease, orf, chlamydiosis, Q fever, ringworm and Streptococcus suis [7] ), then there was a significant increase in the number of cases in agricultural workers compared to all other employment sectors combined (18/42 cf. 8/9818, P , 0.001, Fisher's exact test). The actual cases in agricultural workers were brucellosis (10), leptospirosis (4), Q fever (1), lyme disease (1) and ovine chlamydiosis (2). Occupational physicians also reported significantly more cases of infectious diseases related to agriculture in agricultural workers (all brucellosis) compared with all other sectors combined (three brucellosis, three leptospirosis, one chlamydiosis, one Q fever; 5/49 cf. 8/11047, P , 0.001, Fisher's exact test). Eight actual cases of pesticide poisoning were reported by occupational physicians. Seven of these were caused by inhalation of phosphine gas and one was organophosphate related (Table 3) . No cases of pesticide poisoning or inhalation were reported by GPs or clinical specialists, although one dermatologist cited pesticide as a suspected agent in a case of facial paraesthesia.
Discussion
These THOR data find an increased incidence of workrelated skin neoplasia in agricultural workers as well as several conditions that affect their ability to work, specifically MSD, asthma, allergic alveolitis and infections specific to farming. In contrast, there is a reduced incidence of work-related mental ill-health.
A major strength of this study is that these data permit a comparison of the incidence rates of WRI in agricultural workers based on medical opinion, rather than selfreporting. Since the agricultural sector has very limited coverage by occupational physicians [18] , data from long-standing reporting by clinical specialists in the UK National Health Service (and progressively more recent reporting by GPs) are particularly valuable. The low rate of referrals by reporting GPs to clinical specialists potentially participating in other THOR schemes In five cases of asthma two causal agents were specified. In two cases, the chromate source was specified as cement. 
Precipitating task suggests the THOR-GP data adds to, rather than duplicates, information provided by the THOR specialist schemes. An important consideration when calculating the incidence rates from THOR data is the accuracy of the denominator. By quoting standardized rate ratios rather than absolute incidence rates, the impact of the uncertainty in the denominator is mitigated. The exact proportions of the LFS population covered by the reporting physicians are not precisely known. However, estimates of the proportion of eligible physicians reporting to THOR in 2005 were used as a proxy for the finite population correction in calculating the CIs. Hence the CIs for the SRRs for skin and respiratory disease tend to be narrower than for MSD or mental ill-health reflecting the greater proportion of eligible reporters participating in EPIDERM and SWORD. One other assumption made in this analysis that may cause bias is that workers of all employment sectors are equally likely to be seen by a clinical specialist. Another assumption in calculating the rate ratios for males aged .65 years is that a similar proportion of agricultural workers continue working past age 65 as in all other sectors. If more agricultural workers continue working past age 65, then these rate ratios may be underestimated.
The raised SRRs reported by clinical specialists for skin and MSD and reduced SRR for mental ill-health (Table 2) agree with self-reported data on MSD and mental illhealth [1], the current literature on MSD in agricultural workers [7] and self-reported data for skin complaints [19] . Furthermore, self-reported and other studies show an increased prevalence of lower respiratory tract disease, asthma and rhinitis in agricultural workers [19, 20, 21] consistent with our observation of increased SRRs for allergic alveolitis and asthma reported by rheumatologists. The absence of reports of lung cancer is consistent with the 1995 Decennial Supplement, which noted a lower proportional registration ratios (PRR) of smoking-related cancers in agricultural workers [4] .
Neoplasia accounted for the majority of the high overall SRR for skin disease in agreement with the 1995 Decennial Supplement, which reported increased PRR of skin and lip cancers (excluding melanoma) in male farmers [4] . The raised SRR for melanoma supports the findings of a meta-analysis that found increased relative risk of melanoma in farmers but does not agree with the finding of no increased relative risk in skin cancer [22] . Only five actual cases of melanoma in agricultural workers were reported to THOR and the raised SRR reflects low numbers of reports from all other sectors rather than high numbers of reports of melanoma in agricultural workers. UK incidence rates for non-melanoma skin cancer are not published by its Office of National Statistics because reporting practices within cancer registries give rise to unreliable estimates [23] . However, it is important to compare this increase in skin cancer incidence in agricultural workers with a reliable estimate of the incidence in the UK population. The high number of reports of neoplasia in female agricultural workers is predominantly benign keratosis and may reflect differences in susceptibility or exposure (significantly more females were employed as agricultural labourers) between males and females.
In contrast to the self-reported data [1], which finds the majority of MSD in the lower back, hips and knees, rheumatologists report mainly upper body MSD suggesting that much of the self-reported MSD is not seen by rheumatologists. Hand-arm vibration syndrome is often cited as an occupational hazard for agricultural workers [7, 24] and is frequently diagnosed by occupational physicians.
The low prevalence and incidence of stress, anxiety and depression in agricultural workers reported here and from other sources [2, 25] might indicate a tendency not to recognize, report or seek help for mental ill-health consistent with high rates of suicide in the agricultural industry [3] . However, the high suicide rate could also be explained by easier access to means of suicide.
Previous THOR data from 1996-97 suggested raised incidence rates of occupationally acquired infectious disease diagnoses in livestock farming [26] . One should be cautious when interpreting these data with small numbers over relatively short periods of time. Moreover, these rates cannot be directly compared as the previous rates were calculated using occupation codes (SOC) instead of SIC codes. However, this could be due to changes in reporting patterns, e.g. 'harvesting' of reports during the first year of the SIDAW scheme. As many zoonoses with sources in farming are endemic in the general population, it is possible that infectious disease consultants might not be assigning the cause as occupational.
The Pesticides Incident Appraisal Panel Report 2005/ 2006 [9] reviewed 47 incidents but only one incident (involving three agricultural workers) was confirmed during 2004 (probably the same phosphine poisoning incident reported to OPRA). Although the number of actual reports is low, and therefore the results should be treated with caution, the significantly high proportion of reports in agricultural workers by occupational physicians lends support to speculation that acute symptoms related to pesticide exposure maybe under-reported [8] .
The number of estimated annual reports of CD in agricultural workers during 2002-08 was lower than found previously in THOR from 1996 to 2001 (19 cf. 50) [27] . This is consistent with a downward trend of reports of skin disease to EPIDERM, particularly by core reporters that might be due to reporter fatigue [28] .
In conclusion, the reported raised SRRs of asthma, allergic alveolitis and MSD in agricultural workers confirm previousreports but the high estimates of reported skin cancer incidence need confirming. The low reported incidence of mental ill-health is consistent with self-reported data.
